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 I
摘要 
支气管哮喘(asthma)，简称哮喘，是一种以气道高反应性和可逆性气道阻塞
为特点的慢性炎症性疾病。虽然对哮喘发病机制和治疗的研究取得了很大进展，
但全世界哮喘发病率和死亡率仍呈现上升趋势。哮喘的发病危险因素包括遗传因
素（内因）和环境因素（外因）两个方面。环境因素作为诱发哮喘和哮喘急性发
作的重要危险因素，主要包括过敏原、气候变化和空气污染等。PM2.5致病的主
要原因是由于细颗粒物粒径小，比表面积大，活性强，容易吸附空气中的各类有
毒成分。我们前期研究发现PM2.5、PM10等空气污染物浓度与儿童呼吸系统疾病
的门诊量呈显著正相关趋势。哮喘发病机制较为复杂，目前主要分为以下几点：
气道炎症机制，免疫及变态反应机制，气道神经受体调节机制，第二信使失衡机
制，Th1/Th2细胞失衡机制。支气管哮喘发病涉及多种细胞(如嗜酸性粒细胞、肥
大细胞、T淋巴细胞、中性粒细胞和气道上皮细胞等)及细胞组分，其中T细胞在
哮喘的炎症中发挥着重要的免疫调节作用。 
关于PM2.5在哮喘发病机制中的作用多数集中在Th1/Th2上，对Th17/Treg的了
解较少。并且有关Th17/Treg的研究多数集中在单细胞因子的变化上，对于同时
研究四种T细胞的研究更是少见，而关于调控T细胞分化的转录调控的详细机制，
特别是对其中关键的转录调控因子研究较少。 
本研究首先通过权重基因共表达网络分析法分析正常人在空气颗粒物的作
用下，是否存在与PM2.5、PM10显著相关的基因，再通过基因功能富集分析找到
这些基因所在的通路，最后通过超几何分析找到调控这些基因的上游转录因子。
然后分别在细胞水平和动物水平上以T细胞为研究对象验证筛选出的基因表达
情况。最后在哮喘鼠中分析PM2.5对哮喘鼠中T细胞分化的影响。 
权重基因共表达网络分析发现，正常人群中存在与PM2.5、PM10显著相关的
基因，这些基因中存在与T细胞相关的通路，且在这些基因中找到了关键调控因
子Stat3。细胞实验发现，在颗粒污染物的作用下，初始T细胞向Th17细胞的分化
方向明显增多。动物实验发现，在颗粒污染物的作用下，正常小鼠肺组织出现了
严重的类似哮喘的炎症反应；而且ELISA和qPCR实验都发现，在血液中和肺泡
灌洗液中Th17相关的细胞因子（IL17A和Stat3）表达量均明显上调。进一步在哮
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喘动物模型的研究中发现，在PM2.5的刺激下，哮喘小鼠肺组织出现了更明显的
炎症细胞浸润，细支气管管壁增厚，肥大细胞增生的病理表征；实时荧光定量实
验发现，Tnf（Th1细胞因子）的表达量在三组中呈逐渐上升的趋势，与Control
组对比，Asthma/CMC组和Asthma/PM2.5组中的Tnf表达量有显著的差异性，并且
Asthma/PM2.5组与Control组的差异性要大于Asthma/CMC组与Control组。实验结
果表明，在颗粒污染物的影响下正常小鼠中的Th0细胞向Th17细胞分化明显增多，
且在小鼠肺部出现了类似哮喘的炎症反应。在PM2.5影响下的哮喘中Th1细胞明显
上调，肺部出现明显的哮喘炎症反应。该课题对于我们更深入地理解颗粒物对哮
喘的致病机理以及明确颗粒物影响下哮喘的临床表征，从而为颗粒物加重哮喘提
供理论依据以及可能的干预措施，具有非常重要的意义。 
关键词：权重基因共表达网络分析哮喘颗粒污染物PM2.5细胞分化调控机制细胞
因子 
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Abstract 
Asthma is a chronic inflammatory disease characterized by airway 
hyperresponsiveness and reversible airway obstruction. Although great progress has 
been made in the study of the pathogenesis and treatment of asthma, the incidence and 
mortality of asthma are increasing in the world. The risk factors of asthma include 
two aspects: genetic factors (internal factors) and environmental factors (external 
factors). Environmental factors as an important risk factor for acute asthma and 
asthma attacks, including allergens, climate change and air pollution. The main cause 
pathogenicity of PM2.5 is due to the small particle size, large specific surface area, 
high activity, easy to absorb all kinds of toxic components in the air. Our preliminary 
study found that the concentrations of PM2.5, PM10 and other air pollutants were 
significantly positively correlated with the amount of respiratory diseases in children. 
The pathogenesis of asthma is complex, mainly divided into the following points: 
airway inflammation mechanism, immune and allergic airway mechanism, nerve 
receptor regulation mechanism, the second messenger imbalance mechanism, 
Th1/Th2 cell imbalance mechanism. The pathogenesis of asthma involves a variety of 
cells (such as eosinophils, mast cells, T lymphocytes, neutrophils and bronchial 
epithelial cells) and cells components, in which T cells play an important role in the 
regulation of immune in asthma inflammation. 
Most of the researches about PM2.5 in the pathogenesis of asthma focus on 
Th1/Th2, and less understanding of Th17/Treg. And most studies about Th17/Treg 
focused on the change of single cell factor, for the research of four T cells is rare, and 
the detailed mechanism of transcriptional regulation of differentiation of T cells, 
especially for the key transcription regulatory factors are less studied. 
In this study, we first analyzed the presence of genes that were significantly 
associated with PM2.5 and PM10 under the action of airborne particles by the weighted 
gene co-expression network analysis, and then found the pathways of these genes by 
gene function enrichment analysis. Hypergeometric analysis finds upstream 
transcription factors that regulate these genes. Then, T cells were selected to verify 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Abstract 
 IV
the gene expression at the cellular level and animal level. Finally, the effect of PM2.5 
on T cell differentiation in asthmatic mice was analyzed in asthmatic mice. 
Weighted gene co expression network analysis showed that there was significant 
correlation with PM2.5 and PM10 gene in the normal population, and there are 
pathways associated with these genes in T cells, and the key regulatory factor Stat3 
was found in these genes. The results revealed that the differentiation direction of T 
cells to Th17 cells was significantly increased under the action of particulate 
pollutants. The animal experiments showed that the particulate pollutants under the 
action of normal lung tissues appeared serious inflammatory reaction similar to 
asthma; and ELISA and qPCR experiments have found that in Th17 related cytokines 
(IL17A and Stat3) expression was significantly up-regulated in the blood and 
bronchoalveolar lavage fluid.Further study in the animal model of asthma showed that 
under the stimulation of PM2.5, the lung tissue of asthmatic mice showed more 
obvious infiltration of inflammatory cells, bronchial wall thickening, pathological 
manifestation of mast cell hyperplasia; real-time fluorescence quantitative experiment 
found the expression of Tnf (Th1 cytokine) was gradually increased in the three 
groups. Compared with the control group, the expression of Tnf was significantly 
different in Asthma/CMC group and Asthma/PM2.5 group, and the difference is 
greater in Asthma/PM2.5 group and Control group than in Asthma/CMC group and 
Control group. The results showed that Th0 cells had a bias increase to Th17 cells 
under the influence of particulate contaminants in normal mice, and asthma-like 
inflammatory responses were observed in the lungs of mice.The experimental results 
show that under the influence of PM2.5 in asthma the lungs showed significant asthma 
inflammatory response.The effect of PM2.5 on the differentiation of T cells in asthma 
was analyzed by q-PCR in asthma model.The experimental results are not yet clear 
and require further experimental verification.This topic is of great significance for us 
to understand the pathogenesis of asthma and the clinical characterization of 
asthmatic asthma under the influence of particulate matter, so as to provide a 
theoretical basis and possible interventions for particles in exacerbations of asthma, 
has very important significance. 
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Keywords: weighted gene co-expression network analysis;asthma;particulate matter; 
PM2.5;cell differentiation;regulation mechanism;cytokines
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主要缩略语表 
英文简称  英文全称        中文全称 
HE   Hematoxylin-Eosinstaining    苏木精—伊红染色法 
PAS   Periodic Acid-Schiff Stain    过碘酸雪夫染色 
BSA   Bovine serum Albumin     牛血清白蛋白 
OVA   Ovalbumin     卵清蛋白 
PBS   Phosphate Buffered Saline      磷酸盐缓冲液 
CMC   Carboxymethylcellulose sodium   羧甲基纤维素钠 
FBS   Fetal Bovine Serum      胎牛血清 
Alum   Aluminium Hydroxide     氢氧化铝 
Stat    Signal Transducers And Activators   信号传导及转录 
    of Transcription       激活因子 
TNF   Tumor Necrosis Factor     肿瘤坏死因子 
FoxP3   Forkhead Box P3      叉状头转录因子 3 
IRF4   Interferon Regulatory Factor 4 干扰素调节因子 4 
Rora   Retinoic Acid-related Orphan Receptor α  维甲酸孤核受体 α 
ELISA   Enzyme linked inununosorbent assay  酶联免疫吸附测定 
IL-17   Interleukin-17       白细胞介素17 
IL-4   Interleukin-4       白细胞介素4 
Th    Helper T cell       辅助性T细胞 
Treg   Regulatory cell       调节性T细胞 
BALF   Bronchoalveolar Lavage Fluid   支气管肺泡灌洗液 
WGCNA  Weighted Gene Co-expression    权重基因共表达 
Network Analysis      网络分析 
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